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Annual  Report 

In  tddition  to  antiviral  activity,  the  three  antigenically  distinct  species 
(a,f3,y)  of  interferon  (IFN)  exhibit  multiple  biological  activities,  some  of  ahich 
suggest  possible  immunomodulatory  roles  for  these  molecules  in  either  the  generation 
and/or  expression  of  immunity.  The  ultimate  objective  of  our  research  is  to 
determine  the  function  of  each  IFN  in  cell-me  4iated  immunity.  The  response  of  mice 
to  Listeria  monocytogenes  offers  an  excellent  model  for  studying  the  possible  roles 
for  IFNs  in  preimmunity  resistance  and  acquired  specific  resistance  to  a  falcuitative 
Intracellular  pathogen.  The  expression  of  anti-Llsteria  resistance  is  dependent  upon 
the  generation  of  activated  macrophages  capable  of  expressing  microbicidal  function. 
Last  year,  we  reported  IFNy  is  capable  of  activating  macrophages,  and  earlier  studies 
from  this  laboratory  established  a  striking  parallel  between  the  development  of  T 
cell-mediated  anti-Llsteria  immunity  and  an  enhanced  ability  of  spleen  cells  from 
responding  mice  to  produce  IFNy  in  response  to  T  cell  polyclonal  mitogens. 
Collectively,  these  findings  strongly  suggest  a  role  for  IFNy  in  the  expression  of 
anti-Llsteria  resistance.  During  the  past  year,  we  have  documented  the  IFN  responses 
of  mice  during  the  course  of  an  Immunizing  Listeria  infection,  and  now  are  preparing 
to  undertake  studies  wnich  will  examine  the  roles  of  each  Listeria- induced  IFN  in  the 
host's  defense  against  bacterial  infection. 

1.  IFN  Responses  of  Listeria-Infected  Mice 

The  serum  IFN  titers  in  endotoxin- inj ected  and  non- Injected  mice  at  progressive 
times  following  an  Immunizing  dose  of  Listeria  monocytogenes  (2x10^  viable  organisms) 
are  presented  in  Figure  1.  Twenty-four  hours  after  Listeria  inoculation,  low  levels 
of  IFN  were  detected  in  the  serum.  The  Listeria-elicited  serum  IFN  titers  peaked  (32 
units)  on  the  second  day,  and  by  the  fifth  day  of  infection,  no  IFN  activity  was 
detected.  Listeria  also  dramatically  enhanced  the  host's  ability  to  produce  IFN  in 
response  to  the  intravenous  injection  of  endotoxin.  Serum  IFN  levels  measured  2  hours 
after  endotoxin  injection  revealed  that  as  early  as  8  hours  following  Listeria 
inoculation.  Infected  mice  acquired  the  capacity  to  produce  5  times  more  endotoxin- 
induceJ  IFN  than  non- infected  animals.  Maximum  endotoxin-induced  IFN  titers  occurred 
24  hours  following  Listeria  inoculation,  with  infected  mice  producing  64-fold  more 
serum  IFN  activity  than  normal.  Subsequent  to  this  time,  the  enhanced  responsiveness 
of  the  Listeria- inf ected  mice  to  produce  endotoxin-induced  IFN  slowly  declined. 

2.  Temporal  Appearance  of  Endotoxin-Induced  Serum  IFN 

The  kinetics  of  appearance  for  endotoxin-induced  IFN  in  the  sera  of  normal  mice 
and  mice  inoculated  with  Listeria  24  hours  earlier  are  presented  in  Figure  2.  Maximum 
IFN  levels  were  detected  in  the  sera  of  both  groups  of  animals  2  hours  after  the 
intravenous  administration  of  25vtgs  of  endotoxin.  At  this  time,  the  senn  of  the 
Listeria- Infected  mice  possessed  32  times  more  IFN  activity  than  serum  of  normal  mice. 
These  studies  also  revealed  that  endotoxin-induced  IFN  was  detected  earlier  and  the 
titers  were  significantly  higher  at  all  intervals  in  the  sera  of  Listeria-infected 
mice  than  in  normal  animals.  Two  endotoxin-induced  IFN  responses  were  ocserved  in  the 
sera  of  normal  mice.  Following  the  initial  serum  IFN  response,  which  was  complete 
after  3  hours,  a  second  minor  peak  of  serial  IFN  activity  was  observed  at  12  hrs.  An 
examination  of  che  descending  portion  of  the  scrum  IFN  curve  for  the  Listeria- inf ected 
mice  revealed  a  slight  upward  inflection  in  the  curve  between  3-6  hrs.  Evidence  will 
be  presented  later  showing  this  is  due  to  a  second  endotoxin- induced  IFN  response. 
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3.  Endotoxin  and  Poly(I)»Poly(C)  Dose-Responses 

Endotoxin-induced  IFN  dose-response  studies  carried  out  in  24  hour  Listeria- 
infected  and  normal  mice  are  presented  in  Figure  3,  panel  A.  Graded  concentrations 
of  endotoxin  were  intravenously  Injected  into  groups  of  both  animals.  Two  hours 
later,  the  mice  were  bled  and  the  sera  assayed  for  IFN  activities.  The  dose- response 
curves  established  that  mice  Infected  one  day  earlier  vlth  an  immunizing  dose  of 
Listeria,  were  at  least  50  times  more  responsive  to  IFN  induction  by  endotoxin 
than  normal  animals.  Interferon  levels  plateaued  in  the  infected  animals  treated 
vlth  concentrations  of  endotoxin  over  lyg,  where  the  titers  of  IFN  were  at  least 
50-fold  greater  than  that  of  normal  mice  given  the  highest  concentration  of  endo¬ 
toxin  (100yg)  tested. 

Since  the  synthetic  polyribonucleotide  Poly (I)  *Poly(C)  also  Induces  peak  serum 
IFN  levels  2  hours  after  intravenous  Injection,  it  was  deemed  of  interest  to 
compare  the  relative  responsiveness  of  Listeria-infected  mice  to  Poly(I)  *Poly(C) 

IFN  induction  in  a  dose-response  study  (Fig.  3,  panel  B).  The  Poly (I) • Poly (C) 
dose-response  curves  .'or  IFN  induction  in  normal  and  24  hour  Listeria-infected 
mice  exhibit  similar  slopes.  Moreover,  although  the  Listeria-infected  animals 
proved  more  responsive  to  Poly(I)»Poly(C),  the  yields  of  IFN  elicited  by  all 
concentrations  were  only  4-8  fold  higher  than  those  produced  by  similarly  treated 
normal  mice. 

4.  Endotoxin— Induced  IFN  In  Spleen  Cultures  Derived  from  Listeria-Infected  Mice 

The  spleen  is  a  source  of  endotoxin-induced  serum  IFN  (3,4,14).  Therefore, 
studies  were  carried  out  to  determine  the  responsiveness  of  spleen  cells  obtained 
from  Listeria-infected  mice  to  produce  IFN  after  endotoxin  stimulation.  Spleen 
cell  cultures  were  established  from  normal  mice  and  from  mice  either  inoculated  1 
or  6  days  earlier  with  Listeria.  The  cultures  were  incubated  with  endotoxin 
(5ygs/ml)  and  at  the  designated  times,  portions  of  the  uedla  were  collected  and 
assayed  for  IFN  activity  (Fig.  4) .  Spleen  cells  obtained  from  mice  Infected  1  day 
earlier  with  Listeria,  produced  the  highest  levels  of  endotoxin-induced  IFN  activity. 
These  cultures  also  produced  IFN  earlier  (2hrs)  than  either  of  the  two  other  experi¬ 
mental  groups  of  spleen  cells.  The  endotoxin- Induced  spleen  cultures  of  both  normal 
and  6  day-infected  mice  did  not  secrete  IFN  until  after  2  hours.  However,  like 
cultures  from  1  day-infected  mice,  peak  levels  of  IFN  in  normal  cultures  were  attained 
by  6  hours,  whereas  cultures  from  6  day-infected  mice  continued  producing  IFN  after 
this  time. 

5.  The  Requirement  of  Viable  Listeria  for  Augmented  IFN  Induction 

The  foregoing  studies  established  that  an  immunizing  dose  of  viable  Listeria 
could  elicit  IFN,  as  well  as  enhance  .he  responsiveness  of  the  infected  mice  to 
IFN  inducing  agents.  In  Table  1,  are  presented  the  findings  of  studies  designed  to 
determine  If  by  Increasing  the  number  of  Inoculated  organisms  would  further  enhance 
the  yields  of  endotoxin- induced  IFN,  and  whether  viable  Listeria  are  required  for 
the  enhanced  endotoxin- induced  IFN  response.  Increasing  the  Listeria  inoculum  100 
times  over  the  usual  immunizing  inoculum  resulted  in  only  s  marginal  2-fold  Increase 
in  serum  IFN  activity  la  mice  receiving  endotoxin  2  hrs  earlier.  Listeria  rendered 
nonr-viable  bv  either  beat  or  ultraviolet  irradiation  were  incapable  of  invoking  the 
augmented  endotoxin-induced  IFN  response  observed  in  animals  treated  with  the  same 
number  of  viable  organisms. 
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6.  T-cell  Independence  for  Enhanced  2  Hour  Endotoxin-Induced  Sanaa  IFN  in  Llsterla- 
Infected  Mice 

Thymec tomlzed ,  irradiated ,  and  bone  marrow  reconstituted  (TIB)  AB6F.  mice  or 
congenitally  atbymie  (nu/nu)  mice  of  BALB/c  background  were  infected  with  2x1 0^  viable 
Listeria  and  24  hours  later  injected  intravenously  with  endotoxin.  Two  hours  later, 
the  sera  from  the  Listeria  -infected  and  similar  groups  of  non- infected  mice  were 
collected  and  assayed  for  IFN  (Table  2).  The  infocted  TIB  A36Fj  and  a  thymic  nude  mice 
produced  significantly  higher  yields  of  serum  IFN  2  hours  after  endotoxin  induction 
than  their  respective  non- infected  control  groups.  However,  the  differences  in  mag¬ 
nitude  of  the  IFN  responses  between  non- infected  and  infected  T  cell-deficient  groups 
were  not  as  great  (v^Qx)  as  those  previously  observed  between  infected  and  normal 
AB6F1  immunocompetent  mice.  This  was  due  to  the  fact  that  the  non- inf  acted  T  cell- 
deficient  mice  produced  relatively  more  endotoxin-induced  IFN  than  non- infected  AB6F« 
immunocompetent  mice. 

7*  foterferon  Responses  to  Different  Agents  at  Progressive  Times  Post  Listeria 
Inoculation.  ~  ' 


The  IFN  responses  of  mice  to  three  agents  wero  determined  at  times  prior  to,  after, 
and  at  the  peak  of  the  antl-Listerla  T  cell-mediated  immune  response  on  day  6,  Two  and 
6  hours  following  the  intravenous  injection  of  endotoxin,  Poly(l)*Poly(C),  or  1  <jP 
v^W.e  .y^terla,  the  various  groups  of  mice  were  bled  and  the  sera  assayed  for  IFN 
(Table  3J.  Peak  2  hour  endotoxin-induced  IFN  levels  occurred  1  day  following  an 
immunizing  Listeria  dose,  after  which,  the  early  2  hour  IFN  response  gradually  de- 
Cl  ^  still  10  times  higher  than  nonial.  In  contrast  to  the 

peak  2  hour  endotoxin-induced  IFN  response,  which  occurred  1  day  following  Listeria 
inoculation,  the  maxunum  6  hour  serum  IFN  response  elicited  by  endotoxin  occurrtxTon 
day  6.  On  the  sixth  day,  the  6  hour  serum  IFN  titer  was  equivalent  to  the  earlier  2 
our  serum  titer,  which  was  only  4-fold  lower  than  the  peak  2  hour  response  observed 
an  mice  1  day  after  Listeria  Inoculation.  However,  the  6  Lour  serum  IFN  levels  pro- 

*  ^  viC®  Listeria  15  days  sarlier,  were  greatly  diminished  relative 

to  the  2  hour  IFN  titers  detected  in  these  mice.  The  2  and  6  hour  Poly(I)*Poly(C)- 
induoed  serum  IFN  levels  were  elevated  only  on  day  1  of  Listeria  infection.  The  high- 
VJJ  ?°ur  Mrua  m  induced  by  injection  of  105  viable  Listeria,  coin- 

cided  with  the  peak  of  antl-Llsterla  T  cell-mediated  immunity  on  the  sixth  day  after 
injection  of  an  immunising  Listeria  dose. 

8*  Agtlgenlc  Analysis  of  EndotoxAn-Induoed  and  Poly(l),Foly(C)-Induced  Serum  IFNs 

Bwovailability  of  anti-murine  IFN  *Jj/3  neutralizing  serum  and  monoclonal  anti- 
*ntibody,  er-^ed  the  qualitative  and  quantitative  analysis 
^•2Llnr¥'  *ctiTiti*1  in  endotoxin- induced  or  Poly  (I)*  Poly  (C)- 

induced  serum  IFN  samples  (Table  3).  It  should  be  stated  that  as  in  the  human  IFN 
system,  the  murine  IFN*  and  IFf^3  mol* colas  are  antigenically  distinct  not  only  from 
on**™“"r'  also  from  IFN/.  Specific  anti-murine  3F!h  and  JFHS  neutralizing 
antibodies  are  not  available,  however,  anti-IFNw//?is  available.  Antigenic  analyses 
°f  07  ****)  existing  in  the  various  endotoxin-induced 

or  Poly(I)»Po3y(C)-induced  serum  IFN  samples  (Table  3).  were  performed  by  reacting 
*n  excess  (>500  neutralising  units)  of  anti-IFN-d?  or  anU-IFN/ 
antibody ,  aa  well  as  with  a  mixture  of  both  antibodies.  The  reacted  samples  were 
then  **aayed  for  non-neutnliaed  antiviral  activities.  The  results  of  these  studies 
revealed  that  the  Poly(l)«Po3y(C)-induced  antiviral  activities  in  all  sen  tested 
-xdosively  by  (Ttble  4).  Likewise.  IFN^  mediated  the  anti¬ 

viral  activity  in  the  2  hour  wen  of  endotoxin-induced  mice.  However,  the  later 
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appearing  6  hour  endotoxin- induoed  aerua  2FR  molecules  produce] by  mice  infected  1  and 
6  days  earlier  with  Listeria,  were  mixtures  of  37D°^9  and  IFt*  •  Btsed  on  the  anti¬ 
viral  activity  remaining  after  the  antibody  treatments.  IFHy-  is  the  major  UM  speoles 
in  these  6  hour  sera* 

These  studies  establish  that  shortly  after  an  immunizing  dose  of  Listeria,  mice 
acquire  a  greatly  augmented  capeci  to  produce  endotoxin- induoed  1FN«^  and  follow- 
ing  the  peak  JFN°^S  response,  ITNy  is  produced.  The  capacity  of  Listeria-infected 
mice  to  produce  elevated  TFSyS  titers  in  response  to  endotoxin  is  long  lived  and 
diminishes  slowly,  as  evidenced  by  the  significantly  higher  titers  produced  '  - 

by  aioe  infected  15  days  ssrlisr,  ss  compared  to  normal  mica*  The  capacity  of 
Idste rla-inf acted  mice  to  produce  IFNr  following  induotion  with  the  B  cell  mitogen  is 
more  -t^naitory,  peaking  along  with  antl-Listeria  immunity  on  day  6,  and  is  lost  15  days 
after  inoculation  with  Materia. 


Figure  1 


Listeria-induced  and  endotoxin- induced  serum  interferon  levels  during 
infection.  Listeria-induced  IFN  serum  levels  (□--)  and  serum  3FN  levels 
measured  2  hours  post  intravenous  injection  of  25  j»gs  of  endotoxin  (O— ) 
in  mice  at  progressive  time  following  inoculation  of  an  immunizing 
Listeria  dose. 


"  '  *  s 'a'J*?'  i  r  ('oe "  ih£ 


£:;■*  '/• 


a  hr.  serum  ifn  titer  (units/md 


Figure  2 


Kinetics  of  XFN  appearance  in  the  sera  of  normal  and  1  day  Listeria-infected 

int-rTv*  rOU?s  i  day  Listeria-infected  nice  were  injected 

intravenously  with  25  j<gs  of  endotoxin  (o  hr)  and  bled  at  the  indicated  times 
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Figure  3 


Endotoxin  (Panel  A)  and  Poly(l)*Poly(C)  (Panel  B)  induced  serum  IFN  levels  In 
normal  and  1  day  Listeria-infected  mice.  Groups  of  5  mice  vere  injected  intraven¬ 
ously  with  the  designated  concentrations  of  either  IFN  inducing  agent  and  bled 
2  hours  later.  ,  ~  ~ 
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Figure  4 


fn?!iexi5“iT^i‘Cfd  F1*  s^nthe!fi*  In  spleen  cell  cultures  derived  from  normal, 

*7  Materla-infectcd  nice.  Replicate  spleen  cell  cultures  (lO'cells/al) 
Ngs/al  of  endotoxin  at  0  hr  and  samples  of  medium  collected 
at  the  designated  times  and  assayed  for  IFN  activity. 


Table  1 


Viable  Listeria  are  Required  for  Enhanced 
Endotoxin-Induced  Interferon  Responses 


Treatment  24h  prior  to 
_ endotoxin _ 

None 

2x10^  viable  Listeria,  i.v. 

2x10'*  viable  Listeria,  i.v. 
2xl0-’Akilleda  Listeria,  i.v. 
2xl05  U.V.  killedb  Listeria,  i.v 


Serum  inteferou  titer(units/ml) 
_ 2h  post  endotoxinc _ 

48 

2048 

4096 

32 

32 


^roth  culture  of  Listeria  incubated  at  60°C/lhr.  Following  such 
treatment,  no  viable  Listeria  were  detected  by  plating  on 
irypticase  soy  agar. 

^Details  of  U.V.  irradiation  procedure  presented  in  Materials  and 
Methods. 

cIntravenous  injection  of  25  ygs  of  endotoxin. 


TXB  and  Athymic  Nude  Mice  Following  Listeria  Infection 


Serum  interferon (units/ml) 

»  11  1  ■  1  M 

Treatment  24h  prior  to  endotoxin 

-2h  post  endotoxin0 

TXBa 

none 

384 

If 

2x105  Listeria. i.v. 

2048 

Athymlc  nude 

none 

192 

i« 

2x1£)5  Listeria, i.v. 

6144 

^XB:  thymectomized,  irradiated,  and  bone  marrow  reconstituted  AB6F1  mice, 
b 

Congenitally  athymic  nude  ( nu/nu )  mice  of  BALB/c  background. 

25  vigs  endotoxin  Injected  intravenously. 


Table  3 


Day  of  Infection 

Inducing  agent8 

non- infected 

Endotoxin 

Poly(I).Poly(C) 

Listeria 

1  day 

Endotoxin 
Poly(I) *Poly(C) 
Listeria 

6  day 

Endotoxin 
Poly(I) 'Poly(C) 
Listeria 

15  day 

Endotoxin 

Poly(I)*Poly(C) 

Listeria 

Senna  interferon  titers (units/ml)  at 
2  h  6h. _ 


32 

6 

2048 

192 

<4 

<4 

2048 

192 

8192 

2048 

4 

16 

512 

512 

2048 

64 

32 

64 

384 

32 

3072 

256 

<4 

6 

aAt  0  h  groups  of  mice  were  injected  with  5  ygs  of  endotoxin,  25  pgs  Poly (I) *Poly(C) 
or  106  viable  Listeria. 


Tabic  4 


Antigenicities  of  2  and  6  hour  Endotoxin  and  Poly(I)»Poly(C)-Induced  Serna 
Interferons  Produced  by  Listeria-Infected  Mice 


IFS  inducing 

Hour  of  serua 

Antiviral  activities  (unita/«l)b 
after  reaction  with  excess 

Day  of  infection 

agent*  at  0  h 

IHI  saaple 

II 

antl-a/0 

anti-Y  anti-a/d+aiiti-Y 

non-infected 

Endotoxin 

2 

64 

<8 

64 

<8 

PolyOl).poly(C) 

2 

512 

<8 

512 

<8 

Poly(  , •Poly(C) 

6 

256 

<8 

128 

<8 

1 

Endotoxin 

2 

512 

<8 

256 

<8 

Poly(I) .Poly (C) 

2 

128 

<8 

256 

<8 

Endotoxin 

6 

256 

256 

96 

<8 

Poly(I).Poly(C) 

6 

256 

<8 

256 

<8 

6 

Endotoxin 

2 

256 

<8 

128 

<8 

poly(I) «Poly(C) 

2 

256 

<8 

128 

<8 

Endotoxin 

6 

256 

128 

32 

<8 

Poly (I)* Poly (C) 

6 

256 

<8 

256 

<8 

15 

Endotoxin 

2 

512 

<8 

512 

<8 

Poly(I) •Poly(C) 

2 

512 

<8 

512 

<8 

Endotoxin 

6 

32 

<8 

32 

<8 

Poiy(I)*Poly(C) 

6 

128 

<8 

256 

<8 

"'Endotoxin  (5  Ugs)  or  Foly(I) «Poly(C)  (25  yga)  injected  intravenously  at  0  h. 
bSera  Originally  with  titers  >512  (Table  2)  were  diluted  to  ^512  units/ml. 


